Telomeres, ribonucleoprotein complexes that cap eukaryotic chromosomes, typically shorten in leukocytes with aging. Aging is a primary risk factor for neurodegenerative disease (ND), and a common assumption has arisen that leukocyte telomere length (LTL) can serve as a predictor of neurological disease. However, the evidence for shorter LTL in Alzheimer's and Parkinson's patients is inconsistent. The diverse causes of telomere shortening may explain variability in LTL between studies and individuals. Additional research is needed to determine whether neuronal and glial telomeres shorten during aging and in neurodegenerative disorders, if and how LTL is related to brain cell telomere shortening, and whether telomere shortening plays a causal role in or exacerbates neurological disorders.
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Telomere length and immunological aging Telomeres (see Glossary) are an evolutionarily conserved DNA sequence at the end of each chromosome that is identical in the entire vertebrate phylum. They consist of 6 bp repeats (TTAGGG) that are folded into a T loop structure by a protein complex called shelterin [1] . Telomeres have at least four fundamental roles: sheltering valuable genetic information from erosion during DNA replication; distinguishing and protecting chromosomal ends from DNA damage; serving as a docking site for DNA repair proteins; and providing information on the proliferation history of a given cell [1] .
In cultured cells, telomeres typically lose 50-200 bp during each round of DNA replication [2] , and leukocyte telomeres (LTs) shorten at a rate of $25 bp/year in adult humans [3] . It has been suggested that LT length (LTL) may serve as a 'mitotic clock' indicating cellular age. By contrast, telomere length in hematopoietic stem cells (HSCs) and lymphocytes is determined by the balance of elongation by telomerase, an enzyme that elongates telomeres and shortening in response to stress, DNA damage, proliferation, and trimming ( Figure 1) LTL is reduced during normal aging in laboratory animals (Box 1) and humans [3, 6] , and considerable interindividual variation is observed in LT shortening during aging. One possibility for this variation is that LTL reflects the 'biological age' of the cell and the organism, which may differ from chronological age. Genetic factors, lifestyle, and disease may alter the biological age of an organism and thus be reflected in LTL. Recent data indicate that regular exercise slows LT erosion [7, 8] , whereas obesity is Review Glossary Alzheimer's disease (AD): a fatal age-related ND characterized by progressive dysfunction and degeneration of neurons in brain regions involved in cognition and emotional control. The affected brain regions exhibit accumulation of diffuse and fibrillar aggregates of Ab peptide outside of cells, and the accumulation of hyperphosphorylated Tau (a microtubule-associated protein) inside of neurons. Leukocyte: any of the many different types of white blood cells that includes neutrophils, monocytes, and T and B lymphocytes. All leukocytes are derived from HSCs within the bone marrow. Parkinson's disease: a progressive fatal age-related ND characterized by the dysfunction and degeneration of neurons in the brainstem, substantia nigra (dopaminergic neurons), and cerebral cortex, resulting in loss of autonomic and motor control, often accompanied by cognitive impairment in late stages of the disease. Telomerase: a reverse transcriptase that catalyzes the addition of TTAGGG DNA repeats onto the ends of chromosomes thereby increasing telomere length. Telomere: the end of the eukaryotic chromosome, which consists of repeats of the six-base DNA repeat TTAGGG folded into a T loop structure by a protein complex called shelterin. Telomeres protect chromosomes by preventing their erosion during DNA replication. In addition, some telomere-associated proteins play important roles in DNA repair. Telomere length measurement by Southern blot: for many years the Southern blot method was the gold standard for measurement of telomere length. In this method, the subtelomeric region is cut with a restriction enzyme (usually HinfI) and detected using a probe for the telomere sequence. This method enables absolute measurement of telomere length and some insight into the length distribution. Southern blots were used by a significant proportion of the studies described in the present review article, but has been largely replaced by real-time PCR technology. Telomere length measurement by RT-PCR: the reverse transcriptase polymerase chain reaction method measures the ratio between telomeres and a single gene amplification and results in only relative telomere length. Its relative simplicity and requirement for only small amounts of input DNA make this method attractive for large population studies.
